Allergic rhinitis (AR) is an allergic disease characterized as (immunoglobulin E)-mediated type I hypersensitivity disorder. The interleukin-13 (IL-13) signaling pathway has been implicated in the pathogenesis of AR. In the present study, we investigated the regulatory role and mechanism of long noncoding RNA Linc00632 in IL-13-induced inflammatory cytokine and mucus production in nasal epithelial cells (NECs) from AR patients. We evaluated the expression of Linc00632 in nasal tissues from AR patients and in IL-13-treated NECs. We explored the role of Linc00632 in granulocyte-macrophage colony-stimulating factor (GM-CSF), eotaxin, and MUAC5AC production in IL-13-treated NECs. We searched for the potential target of Linc00632. Downregulation of Linc00632 was identified in nasal tissues of AR patients and in IL-13-treated NECs. Linc00632 inhibited IL-13-induced GM-CSF, eotaxin, and MUAC5AC production. Linc00632 targeted miR-498 and negatively regulated its ex-pression. MiR-498 targeted IL1RN and inhibition of miR-498 suppressed IL-13-induced GM-CSF, eotaxin, and MUC5AC expression. The regulation of IL-13-induced dysfunction of NECs by Linc00632 depended on miR-498. Linc00632 inhibited IL-13-induced GM-CSF, eotaxin, and MUAC5AC production in IL-13-treated NECs by targeting miR-498.
Introduction
Allergic rhinitis (AR) is a very common allergic disease that affects over 30% of populations over the world [1] . AR generally develops during childhood, and it is the most common chronic allergic disorder in children [2] . AR is characterized as symptoms of sneezing, nasal pruritus, and airflow obstruction caused by immunoglobulin E (IgE)-mediated type I hypersensitivity against inhaled allergens. The type 2 helper T (Th2) cells have been known to drive the mucosal inflammation [3] .
The nasal epithelium is the first site of exposure to inhaled antigens. The nasal epithelial cells (NECs) have been shown to play an essential role in the innate immune response to AR. Epithelial cell-secreted cytokines, which included thymic stromal lymphopoietin, interleukin (IL)-25, and IL-33, have been implicated in regulating innate and adaptive immune responses associated with Th2 cytokine-mediated inflammation at nasal mucosal sites [4] . Therefore, understanding the biology and functions of NECs will provide us critical information for developing anti-allergic disease treatments.
IL-13 is a typical Th2 cytokine that has been shown to be the central mediator of physiologic changes induced by allergic inflammation [5] . IL-13 triggers macrophage and eosinophil activation, induces B cells to produce IgE, activates smooth muscle cells, promotes mucus and growth factor production by epithelial cells, promotes eotaxin production to stimulate eosinophil recruitment, and triggers airway fibroblasts activation, proliferation, and migration [6] . IL-13-treated NECs is a commonly used cell model for AR analysis [7] . Preventing and reducing allergic airway responses through targeting IL-13 and its signaling pathway have been attracted more and more attention. For instance, recent studies have indicated that IL-13 can lead to pathologic changes reminiscent of allergic airway diseases, such as eosinophil recruitment, mucus cell metaplasia, subepithelial fibrosis, and smooth muscle hypertrophy [8] [9] [10] . Furthermore, IL-13 has been implicated in mucus hypersecretion and inflammatory mediator release by airway epithelial cells [6] . Based on the fact that IL-13 was so much associated with pathogenesis of AR, the model of IL-13 induction was widely accepted in the research of AR [11] , so in this study, we treated NECs with IL-13.
IL1RN gene encodes the protein IL-1 receptor antagonist (IL-1RA). IL-1RA is a member of the IL-1 cytokine family and is a natural inhibitor of the proinflammatory effect of IL-1 [12] . IL-1RA is implicated in several inflammatory diseases including asthma and AR [13, 14] . It has been shown that administration of IL-1RA alleviated nasal congestion, rhinorrhea, and sneezing in AR guinea pig model [15] . Therefore, targeting IL-1 signaling pathway should be a potential therapeutic treatment for AR.
The long noncoding RNAs (lncRNAs) are defined as transcripts longer than 200 nucleotides that are not translated into protein [16] . lncRNAs reside in the nucleus or cytoplasm and interact with nucleic acids or proteins, activate or inhibit signal molecules, decoy for microRNAs (miRNAs), and guide for transcriptional factors. ln-cRNAs have been shown to play essential biological activities including DNA damage, programmed cell death, development, inflammation, and tumor progression [17] . The lncRNAs have also been implicated in AR [18] .
MiRNAs are a class of endogenous, noncoding small RNAs (22 nucleotides) that pair to the 3′ untranslated region (3′-UTR) and regulate gene expression [19] . MiRNAs have been shown to regulate multiple cellular activities including cell proliferation, apoptosis, differentiation, and development. The dysregulation of miRNAs has also been reported in AR, suggesting potential roles of miRNA in AR [20] .
In the current study, we evaluated the roles of lncRNA Linc00632 in AR. We showed that lncRNA Linc00632 negatively regulated miR-498 expression and inhibited IL-13-induced inflammatory cytokine and mucus production in NECs from AR patients. Thus, our results suggested that lncRNA Linc00632 and miR-498 could be used as potential targets for the prevention and treatment of AR.
Materials and Methods

Clinical Nasal Mucosal Samples
All patients recruited in the current study were diagnosed based on their medical history, nasal endoscopy, an allergen skinprick test, and a specific IgE assay. Nasal mucosal samples were obtained from inferior turbinate sections from 30 patients with perennial AR and 30 healthy controls. All patients had not received topical or systemic corticosteroid therapy for 4 weeks prior to study recruitment. Partial inferior turbinectomy was performed for nasal obstruction. This study was approved by the Ethic Committee of the Second Hospital of Hebei Medical University, and written consent for each participant was derived.
NECs Culture and Treatment
Primary NECs were isolated and cultured as described previously [21] . Inferior turbinate NECs were collected by nasal scraping under local anesthesia. Collected NECs were cultured in BEGM medium (Lonza, Walkersville, MD, USA) under submerged conditions. When 80-90% confluence was reached, the NECs were passaged. For certain experiments, the NECs were stimulated with 50 ng/mL IL-13 for 24 h or 10 ng/mL IL-13 for 14 days as described previously [11] . Cell supernatant and pellets were then harvested for analysis.
Plasmid, siRNA, and miRNA Transfection
Linc00632 was cloned into lentiviral vector pSin using following primers: Forward 5′-CTAGAATTCAGTGCGACAGACAG-CC-3′, Reverse 5′-CTAGGATCCATTTTTTTTGAGGC AAAG-3′. Linc00632 siRNAs and control siRNA were purchased from Thermo Fisher. miR-498 mimic, inhibitor, and negative control were purchased from RiboBio Co., Ltd (Guangzhou, Guangdong, China). Plasmid, miRNA, and siRNA were transfected into cells using Lipofectamine 2000 following manufacturer's protocol. Then cells were harvested for further treatment or analysis. according to the manufacturer's protocol. cDNA was synthesized using 1 µg RNA and SuperScript ® III First-Strand Synthesis System (Thermo Fisher, USA). Real-time PCR was performed using QuantiTect SYBR Green PCR Kit (Qiagen, Germantown, MD, USA) on a QuantStudio 3 Real-Time PCR System (Thermo Fisher, USA). miR-498 cDNA was synthesized using specific primer 5′-GTCGTATCCAGTGCA GGGTCCGAGGTATTCGCA CTG GATACGACGAAAAAC -3′. U6 (internal control) cDNA was synthesized using specific primer 5′-GTCGTATCCAGTGCAG-GGTCCGAGGTATT CGCACTGGATACGACAAAAAT ATG-GAAC-3′. The sequences of primers used for qPCR in the current study were Linc00632 Forward: 5′-CACGCCTGTTATCCC-3′, Reverse: 5′-CAACCTCCGCCTCTT-3′; IL1RN Forward: 5′-AA-CAGAAAGCAGGACAAG CG-3′, Reverse: 5′-CCTTCGTCAG-GCATATTG GT-3′; β-actin Forward: 5′-CGCTCTTCCAG CC-TTCCTT-3′, Reverse: 5′-CGTTGTTGGCAT ACAGGTCCT-3′; granulocyte-macrophage colony-stimulating factor (GM-CSF) Forward 5′-ATGTGGCTGCAGAGCCTGCTGC-3′, Reverse: 5′-CTCCCAGCAGTCAAAGGG-3′; eotaxin Forward: 5′-CCCCT-TCAGCGACTAGAGAG-3′, Reverse: 5′-TCTTGGGGTCGGCA-CAGAT-3′; MUC5AC Forward: 5′-TGATCATCCAGCAG GG-CT-3′, Reverse: 5′-CCGAG CTCAGAGGACATATGGG-3′; miR-498 Forward: 5′-CTTTCAAGCCAGGGGGC-3′, Reverse: 5′-CA-GTG CAGGGTCCGAGGT-3′; and U6 Forward: 5′-CGCAAG-GATGACACGCAAATTCG-3′, Reverse 5′-CAGTGCAG GGTC-CGAGGT-3′.
Quantitative Real-Time PCR
Western Blot
Total proteins from NECs were extracted using ReadyPrep TM Protein Extraction Kit (Bio-Rad, Hercules, CA, USA). Protein concentration was measured using Bio-Rad Protein Assay (Bio-Rad, USA). Total 20 µg proteins were loaded onto sodium dodecyl sulfate-polyacrylamide gel electrophoresis gel and transferred to polyvinylidene fluoride membrane. Five percent nonfat milk was used to block the membrane at room temperature for 1 h and then the membranes were incubated with primary antibodies overnight. Next day, after 3 times wash with tris-buffered saline buffer containing 0.1% Tween 20, membranes were incubated with corresponding horse radish peroxidase-conjugated secondary antibodies at room temperature for 1 h. Primary antibodies used in the current study were anti-IL1RN (Thermo Fisher) and anti-βactin (Sigma, St. Louis, MO, USA). Clarity TM Western ECL Blotting Substrates (Bio-Rad) were used to detect the immunoreactive proteins. The density was quantitated using GS-900 TM Calibrated Densitometer (Bio-Rad) and analyzed by using Image Lab (Bio-Rad).
ELISA
Cell supernatant levels GM-CSF and eotaxin were detected using commercial ELISA kits from R&D systems (Minneapolis, MN, USA), and MUC5AC was detected using Human Mucin-5 subtype AC ELISA kit from BluegGene Biotech (Shanghai, China) according to manufacturer's instructions.
3′ UTR Luciferase Reporter Assay
The Linc00632 was amplified by PCR using following primers: Forward: 5′-CTACTCGAG AGTGCGACAGACAGCC-3′, Reverse: 5′-CTAGCGGCCGC ATTTTTTTTGAGGCAAAG-3′ and cloned into psiCHECK2 reporter vector (Promega, Madison, WI, USA) downstream of the luciferase gene. The mutated Linc00632 was generated using QuikChange II Site-Directed Mutagenesis Kit (Aligent, Santa Clara, CA, USA) using following primers: Forward: 5′-TAGACTCATGAGACAGGTGGCCG-3′, Reverse: 5′-CGGC-CACCTGTCTCATGAGTCTA-3′. The 3′-UTR of IL1RN containing the putative miR-498-binding site was amplified by PCR using following primers: Forward: 5′-CTACTCGAGTACTGC-CCAGGCCTGCC-3′, Reverse: 5′-CTACTCGAGTACTGCCCA-GGCCTGCC-3′ and cloned into psiCHECK2 reporter vector downstream of the luciferase gene. The mutated 3′-UTR of IL1RN was generated using QuikChange II Site-Directed Mutagenesis Kit (Aligent, Santa Clara, CA, USA) using following primers: Forward: 5′-GTTTTACAATAAAATCGTCACAA-3′, Reverse: 5′-TTGT-GACGATTT TATTGTAAAAC-3′. For luciferase assays, NECs or HEK293 cells were seeded in 24-well plate and then co-transfected with 50 nM miR-498 or miR-NC and 0.2 µg luciferase reporter plasmid using Lipofectamine 2000 (Thermo Fisher). Dual-luciferase reporter system (Promega) was used to measure the luciferase activities according to manufacturer's instructions 48 h post transfection.
Biotin Pull-Down Assay
The procedure of Biotinylated Micro-RNA pull-down assay was described previously [22] . Briefly, NECs were harvested and lysed in lysis buffer (20 mM Tris-HCl, pH 7.5, 100 mM KCl, 5 mM MgCl 2 , 0.05% NP-40) containing RNase inhibitor and protease inhibitor cocktail (Sigma, St. Louis, MO, USA) for 30 min on ice. After centrifugation, the supernatant was bound to 3′ biotinylated miR-498 or control RNA (RiboBio Co., Ltd., China) at 4 ° C for 2 h. The streptavidin magnetic beads were pretreated with lysis buffer containing 0.5 µg/µL RNase-free BSA and 0.2 µg/µL yeast tRNA for 3 h and washed twice with lysis buffer. Then the mixture was bound to streptavidin beads (Thermo Fisher) for 1 h at 4 ° C. The biotin-miRNA/mRNA complex was eluted with elution buffer (20 mM Tris-HCl pH 7.4, 400 mM KCl, 0.5% NP-40, 5 mM biotin, and 80 U/mL RNase inhibitor) at 42 ° C for 5 min. Then the miRNA/ mRNA complex was extracted with phenol-chloroform and treated with DNase I. After reverse transcription, the quantities of IL-1RN mRNA in biotinylated miR-498 and control random RNA pull-down complex were compared by qRT-PCR. For antisense oligomer affinity pull-down assay, 1 µg sense or antisense biotinlabeled DNA oligomers corresponding to Linc00632 were incubated with NEC lysates. One hour after incubation, streptavidincoupled agarose beads were added to isolate the RNA-complex. The Linc00632 and miR-498 levels were analyzed by qRT-PCR. DNA probes used in the current study were listed below:
Statistical Analysis
All data were presented as mean ± SD. Data were analyzed by 2-way analysis of variance or Student t test analysis. The statistical difference was considered as significant when p value is < 0.05. J Innate Immun 2020;12:116-127 DOI: 10.1159/000500420
Results
Downregulated Linc00632 Level Was Associated in AR Patients and IL-33-Treated NECs
To investigate the potential role of Linc00632 in AR, first we evaluated the expression levels of Linc00632 in AR patients. As shown in Figure 1a , Linc00632 was significantly downregulated in AR patients when compared to healthy people. We also detected significantly decreased Linc00632 in IL-13-treated NECs when compared to untreated cells ( Fig. 1b ). These findings strongly indicated that Linc00632 was aberrantly downregulated in AR, suggesting potential roles of Linc00632 in AR.
Linc00632 Inhibited IL-13-Induced GM-CSF, Eotaxin, and MUC5AC Expression in Human NECs
We next explored the potential effect of Linc00632 on AR using the IL-13-treated NECs model and monitored the expression of GM-CSF, eotaxin, and MUC5AC as described previously [11] . To overexpress Linc00632, we transfected NECs with lentiviral plasmid pSin-Linc00632OE, which encoded the linc00632. We detected significantly increased Linc00632 levels in NECs when compared to NECs transfected with control vector (Fig. 2a ). The mRNA levels of GM-CSF ( Fig. 2b ) and eotaxin ( Fig. 2c ) were significantly increased in NECs treated with 50 ng/mL IL-13 for 24 h. In contrast, GM-CSF and eotaxin mRNA levels were significantly decreased in Linc00632 overexpressing NECs when compared to control transfected cells. Similarly, MUC5AC mRNA level was significantly increased in NECs treated with 10 ng/ mL IL-13 for 14 days and overexpression of Linc00632 significantly decreased MUC5AC mRNA level ( Fig. 2d ). Consistent to the mRNA level, IL-13 treatment signifi-cantly increased the protein levels of GM-CSF ( Fig. 2e ), eotaxin (Fig. 2f ), and MUC5A ( Fig. 2g ), while overexpression of Linc00632 significantly inhibited the IL-13-induced upregulation of these proteins. Collectively, our data indicated that Linc00632 inhibited IL-13-induced GM-CSF, eotaxin, and MUC5AC expression in NECs.
Linc00632 Negatively Regulated miR-498
We searched for the potential targets of Linc00632 using online software targetscan (http://www.targetscan. org/vert_71/). We found that miR-498 was predicted to bind to Linc00632 (Fig. 3a ). To validate whether miR-498 was a functional target of Linc00632, we utilized the dualluciferase reporter system. As shown in Figure 3b , the wild-type Linc00632 or mutant was cloned into the luciferase reporter vector and co-transfected with miR-498 or control miRNA into NECs. Luciferase assay results showed that expression of miR-498 significantly decreased the luciferase activity of the reporter gene with wild type but not mutated Linc00632 construct. Similar results were obtained using HEK293 cells ( Fig. 3c ). To test whether Linc00632 regulated miR-498, we knocked down endogenous Linc00632 by transfecting its specific siRNA or overexpressed Linc00632 in NECs and then monitored the miR-498 level. As shown in Figure 3d , transfecting siRNA against Linc00632 significantly decreased the endogenous level of Linc00632. Knocking down Linc00632 resulted in significantly increased level of miR-498. In contrast, overexpression of Linc00632 by transfecting pSin-Linc00632OE resulted in significantly increased Linc00632 level while significantly decreased the miR-498 level (Fig. 3e) . Therefore, our results demonstrated that Linc00632 negatively regulated miR-498 expression. In addition, we demonstrated that biotinylated antisense Linc00632 DNA probe-enriched endogenous Linc00632 was able to pull down miR-498 ( Fig. 3f) . Similarly, in vitro-synthesized biotinylated Linc00632 was also able to pull down miR-498 successfully (Fig. 3g) . These results demonstrated that Linc00632 interacted with miR-498 and negatively regulated miR-498 expression. We performed Pearson correlation analysis to evaluate the expression relationship between Linc00632 and miR-498. We found that Linc00632 expression level was significantly negatively correlated with miR498 expression level ( Fig. 3h ). In addition, we detected upregulated miR-498 in AR patients ( Fig. 4a ) and IL-13-treated NECs (Fig. 4b) , which was corresponding to the downregulation of Linc00632 in AR patients and IL-13-treated NECs.
Inhibition of miR-498 Prevented IL-13-Induced GM-CSF, Eotaxin, and MUC5AC Expression in Human NECs
As Linc00632 regulated miR-498 expression, we next evaluated the potential roles of miR-498 in AR us- ing the IL-13-treated NECs model. We transfected NECs with miR-498 inhibitor and found that the miR-498 expression was significantly decreased in NECs (Fig. 5a ). The inhibition of miR-498 significantly prevented IL-13-induced mRNA and protein expression of GM-CSF ( Fig. 5b, e ), eotaxin (Fig. 5c, f) , and MU5AC ( Fig. 5d, g) . In conclusion, our results indicated that miR-498 regulated the expressions of GM-CSF, eotax-in, and MU5AC suggesting the potential roles of miR-498 played in AR.
miR-498 Directly Targeted IL1RN
We continued to explore the underlying functional mechanism of miR-498 and used targetscan to predict the target of miR-498. As shown in Figure 6a , miR-498 was predicted to bind to 3′UTR of IL1RN. We also utilized the dual-luciferase reporter system to further confirm the functional interaction between miR-498 and IL1RN 3′UTR. Luciferase assay results showed that expression of miR-498 significantly decreased the luciferase activity of the reporter gene with wild type but not mutated IL1RN 3′UTR construct in both NECs (Fig. 6b ) and HEK293T cells (Fig. 6c ). In addition, in vitro-synthesized biotinylated miR-498 was also able to pull down IL1RN mRNA successfully (Fig. 6d ). These results indicated that miR-498 targeted IL1RN. So we continued to test whether miR-498 regulates IL1RN expression. We overexpressed miR-498 or inhibited miR-498 by transfecting miR-498 mimics or inhibitors. Transfecting miR-498 significantly increased miR-498 level and decreased both IL1RN mRNA and protein levels (Fig. 6e, f) . In contrast, transfecting miR-498 inhibitor significantly decreased miR-498 level while increasing IL1RN mRNA and protein levels ( Fig. 6e, f) . As Linc00632 regulated miR-498 expression, we supposed Linc00632 could regulate IL1RN expression through regulating miR-498. As predicted, knocking down Linc00632 significantly decreased both mRNA level (Fig. 6g ) and protein level (Fig. 6h ) of IL1RN.
In contrast, overexpression of Linc00632 significantly increased IL1RN mRNA and protein levels (Fig. 6i, j) . Furthermore, we performed Pearson correlation analysis to evaluate the expression relationship between Linc00632 and IL1RN. We found that Linc00632 expression level was significantly positively correlated with IL1RN expression level (Fig. 6k ). Taken together, our data demonstrated that miR-498 targeted IL1RN and negatively regulated IL1RN expression, while Linc00632 positively regulated IL1RN expression. We also detected significantly downregulated IL1RN mRNA in AR patients (Fig. 7a) and significantly downregulated IL1RN mRNA and protein in IL-13-treated NECs (Fig. 7b, c) , which were correlated to the upregulation of Linc00632 in AR patients and IL-13-treated NECs. Taken together, our data demonstrated that miR-498 targeted IL1RN and negatively regulated IL1RN expression.
Linc00632 Mediated IL-13-Induced Dysfunction of NECs via Regulating miR-498/IL1RN Expression
We have demonstrated that Linc00632 inhibited IL-13-induced dysfunction of NECs and positively regulated IL1RN expression, while miR-498 functioned the opposite way. As Linc00632 negatively regulated miR-498, we further explored whether the inhibitory effect of Linc00632 on IL-13-induced dysfunction and positive regulation on IL1RN depended on miR-498. We overexpressed both Linc00632 and miR-498 in NECs. We found that miR-498 significantly inhibited Linc000632-induced IL1RN expression at both mRNA and protein levels (Fig. 8a, b ). In addition, miR-498 rescued both mRNA and protein expressions of GM-CSF (Fig. 8c, f) , eotaxin (Fig. 8d, g) , and MUC5AC (Fig. 8e, h) , which were inhibited by Linc00632 in IL-13-treated NECs. Therefore, our results demonstrated that Linc00632 mediated IL-13-induced dysfunction of NECs via regulating miR-498/IL-1RN expression.
Discussion
In the current study, we found that the lncRNA Linc00632 was strongly downregulated in nasal mucosal tissues from AR patients, while miR-498 was strongly up- regulated. We demonstrated that Linc00632 targeted miR-498 and negatively regulated its expression. In addition, we demonstrated the opposite effects of Linc00632 and miR-498 on IL-13-induced inflammatory cytokines and mucus productions in primary NECs from AR patients. Linc00632 inhibited both mRNA and protein expressions of GM-CSF, eotaxin, and MUC5AC in IL-13-treated NECs. In contrast, miR-498 positively regulated IL-13-induced production of GM-CSF, eotaxin, and MUC5AC as inhibiting miR-498 abolished these effects. Moreover, miR-498 targeted IL1RN and inhibited IL1RN
expression. Therefore, we demonstrated the regulatory role of Linc00632/miR-498/IL1RN axis in inflammatory response of IL-13-induced NECs in AR. IL-13 is produced by Th2 cells and is an important cytokine that contributes to AR [23] . By using the IL-13-deficient mice, Miyahara and colleagues reported that IL-13-deficient mice demonstrated significantly reduced late nasal response to antigen challenge. Binding of IL-13 to its receptor resulted in the activation of transcription factor STAT6 and expression of downstream genes. IL-13 has been shown to induce production of multiple cytokines and factors including GM-CSF, eotaxin, and leukotriene. In addition, IL-13 promoted IgE synthesis, eosinophil recruitment, mucus hyperproduction, subepithelial fibrosis, and airway hyperresponsiveness. Therefore, inhibition of IL-13 signaling pathway could be a potential approach to treat allergic diseases. GM-CSF and eotaxin are proinflammatory cytokines produced by airway epithelial cells during allergic airway inflammation. We also demonstrated that IL-13 treatment induced GM-CSF and eotaxin production in primary NECs. GM-CSF can stimulate the differentiation of hematopoietic stem cells into granulocytes and monocytes and support eosinophil survival [24] . Eotaxins are a family of CC chemokines that recruit eosinophils, basophils, and mast cells to inflammatory sites. Our results showed that IL-13 treatment also induced MUC5AC production in NECs. MUC5AC is a glycoprotein belonging to the superfamily of mucins. Mucus hypersecretion is a common feature of allergic airway disorder. Therefore, inhibiting proinflammatory cytokines and mucus production could be another potential approach to treat allergic diseases.
lncRNAs are transcribed RNA molecules longer than 200 nucleotides without protein-coding function. ln-cRNAs have been shown to regulate gene expression and participate in various physiological and pathological processes by basepairing with DNA or RNA in a sequencespecific manner [25] . Interestingly, our findings identified the association of downregulated lncRNA Linc00632 with AR and IL-13-treated NECs. These findings suggested the potential roles of Linc00632 in AR. We further demonstrated that Linc00632 inhibited IL-13-induced GM-CSF, eotaxin, and MUC5AC production, indicating a protective role of Linc00632 in AR.
The target-mimetic, sponge/decoy function of ln-cRNA on miRNAs has been reported [26] . Until now, there was no description about Linc00632 function as miRNA sponge and the precise role of Linc00632 is not well elucidated. Our current study showed that Linc00632 targeted miR-498 and negatively regulated its expression. Therefore, our study was the first to demonstrate that Linc00632 functions as miRNA sponge and targeted miR-498. miRNAs are the class of small noncoding RNA molecules functioning in RNA silencing and posttranscriptional regulation of gene expression by basepairing with complementary sequences with mRNA. Now the functions of miR-498 that have been reported are mainly in cancer field. For example, miR-498 has been shown to inhibit cell proliferation, migration, and invasion in nonsmall-cell lung cancer [27] . Liu et al. [28] reported that miR-498 targeted and negatively regulated FOXO3 expression, which resulted in the inhibition of human ovarian cancer cells proliferation. Zhang et al. [29] demonstrated that miR-498 inhibited growth and metastasis of liver cancer by targeting zinc finger E-box binding homeobox 2. In the current study, we demonstrated that the regulation of IL-13-induced GM-CSF, eotaxin, and MUC5AC production by Linc00632 depended on miR498. This is the first description of miR-498 function in AR. We further identified that miR-498 targeted IL1RN and positively regulated IL-13-induced GM-CSF, eotaxin, and MUC5AC production. IL1RN encoded the protein IL-1RA that functions as IL-1 inhibitor to inhibit the activities of IL-1α and IL-1β and modulates IL-1-related immune and inflammatory responses. IL-1RA binds promising strategy to treat AR. Zhang et al. [15] demonstrated that direct administration of IL-1RA remarkably relieved AR symptoms in guinea pig. Inhibition of nuclear factor kappa B activation has been also shown to inhibit allergic response in a murine model of AR [30] . Therefore, our data strongly suggested that inhibiting IL-1 signaling pathway and its downstream factors could be used as therapeutic treatment to AR.
to IL-1 receptor but does not induce the downstream intracellular response. The binding of ligand to IL-1 receptor results in activation of nuclear factor kappa B signaling and the mitogen-activated protein kinase pathways and induces the expression of IL-1-targeted genes including IL-6, IL-8, MCP-1, and COX-2, which have been implicated in AR pathogenesis. Therefore, targeting IL-1 signaling pathway and its downstream factors could be a 
Conclusion
We demonstrated that lncRNA Linc00632 was upregulated in AR and IL-13-treated NECs. Linc00632 targeted miR-498 and Linc00632 regulated IL-13-induced inflammatory cytokine and mucus production in a miR-498-dependent manner.
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